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Casearia sylvestrisEthanolic extract of Casearia sylvestris is thought to be antimutagenic. In this study, we attempted to deter-
mine whether this extract and casearin X (a clerodane diterpene from C. sylvestris) are protective against
the harmful effects of airborne pollutants from sugarcane burning. To that end, we used the Tradescantia mi-
cronucleus test in meiotic pollen cells of Tradescantia pallida, the micronucleus test in mouse bone marrow
cells, and the comet assay in mouse blood cells. The mutagenic compound was total suspended particulate
(TSP) from air. For the Tradescantia micronucleus test, T. pallida cuttings were treated with the extract at
0.13, 0.25, or 0.50 mg/ml. Subsequently, TSP was added at 0.3 mg/ml, and tetrads from the inﬂorescences
were examined for micronuclei. For the micronucleus test in mouse bone marrow cells and the comet
assay in mouse blood cells, Balb/c mice were treated for 15 days with the extract—3.9, 7.5, or 15.0 mg/kg
body weight (BW)—or with casearin X—0.3, 0.25, or 1.2 mg/kg BW—after which they received TSP
(3.75 mg/kg BW). In T. pallida and mouse bone marrow cells, the extract was antimutagenic at all concentra-
tions tested. In mouse blood cells, the extract was antigenotoxic at all concentrations, whereas casearin X was
not antimutagenic but was antigenotoxic at all concentrations. We conclude that C. sylvestris ethanolic ex-
tract and casearin X protect DNA from damage induced by airborne pollutants from sugarcane burning.
© 2012 Elsevier Inc. Open access under the Elsevier OA license.Introduction
Unlike fossil fuels, alternative fuels such as ethanol are considered
environmentally friendly. In Brazil, the use of biofuels, described as
clean alternatives to oil, has improved the air quality in major urban
centers. However, biomass burning in regions of sugarcane cultiva-
tion, where the crops are burned in order to facilitate harvesting
and increase the yield per ton (Zamperlini et al., 2000), large amounts
of smoke and soot that falls on nearby cities, as well as producing; BW, body weight; DCM,
romatic hydrocarbon; DL, de-
romatic erythrocytes; NCEs,
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.
vier OA license.huge clouds of particles and toxic gases that are released into the at-
mosphere (Andrade et al., 2010; Silva et al., 2010). Those airbornepar-
ticles have been shown to be mutagenic and can also cause signiﬁcant
alterations in respiratory mechanics and lung histology (Andrade et
al., 2011; Goto et al., 2011; Mazzoli-Rocha et al., 2008; Umbuzeiro et
al., 2008a).
A wide variety of natural products are currently being evaluated in
terms of their chemopreventive properties, which could counter the
harmful effects of mutagenic compounds present in the environment
(Kang et al., 2010; Kaur et al., 2010). Casearia sylvestris Swartz
(Salicaceae) is a tropical tree, commonly known as “guaçatonga” in Brazil,
that iswidely used for its healing, anti-inﬂammatory, and anti-ulcer prop-
erties (Borges et al., 2000; Sertié et al., 2000; Esteves et al., 2005). Phyto-
chemical investigations reveal that the major compounds isolated from
C. sylvestris, including clerodane diterpenes, exhibit both cytotoxic and
antifungal activities (Carvalho-Oliveira et al., 2005; Orbelies et al., 2002;
Santos et al., 2010). In addition, recent assays of the ethanolic leaf extract
Table 1
High performance liquid chromatography with ﬂuorescence detection for polycyclic
aromatic hydrocarbons.
PAH DL QL
(pg) (pg)
Anthracene 0.9 3.1
Benz[e]acephenanthrylene 3.6 12.1
Benzo[a]anthracene 5.7 18.9
Benzo[a]pyrene 10.2 34.0
Benzo[e]pyrene 3.4 11.4
Benzo[g,h,i]perylene 107.0 357.0
Benzo[k]ﬂuoranthene 0.6 1.9
Chrysene 33.3 111.0
Dibenzo[a,h]anthracene 120.0 400.0
Fluoranthene 58.7 196.0
Indeno[1,2,3-cd]pyrene 33.2 111.0
Phenanthrene 16.2 54.0
Pyrene 4.4 14.7
PAH, polycyclic aromatic hydrocarbons; DL, detection limit; QL, quantitation limit.
Fig. 1. Chemical structure of casearin X.
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tract) have demonstrated that those substances are antimutagenic at low
concentrations (Oliveira et al., 2009). The aim of the present studywas to
determinewhether the ethanolic leaf extracts of C. sylvestris and casearin
X protect cells against total suspended particulate (TSP)-induced DNA
damage.
Materials and methods
TSP sampling
In the city of Araraquara, Brazil, 24-h TSP sampleswere collected over
two 10-day periods in 2003—ﬁrst in March and then in September—the
latter being during the sugarcane burning season. The samples were col-
lected with a high-volume sampler (Handi-vol; Energética, Rio de
Janeiro, Brazil) operating at an average ﬂow rate of 1.1–1.7 m3·min−1,
positioned 4 m above the ground and protected from the rain, at a sam-
pling site in a suburban area. The city of Araraquara (located at 21°48′11″
S, 48°08′25″W, with a population of approximately 200,000) is situated
in the so-called “sugarcane belt”, a region in the middle of the state of
São Paulo that is responsible formost of the sugarcane production in Bra-
zil. The closest sugarcane crop was approximately 5 km from the sam-
pling site. Particles were collected on ﬁberglass ﬁlters (Energética),
which were dried for 24 h at 50 °C, before and after particle collection,
for weighing. The ﬁlters were then stored at 4 °C until analysis.
TSP organic fractions
Each ﬁlter was cut in small pieces and extracted with
dichloromethane (DCM):methanol (MeOH) at 4:1 (v/v) in separate
Erlenmeyer ﬂasks. The ﬂasks containing the DCM:MeOH and ﬁlter
strips were ultrasonicated for 10 min at 40 Hz, and the resulting so-
lution was passed through a 0.45-μm ﬁlter (Corning Glass Works,
Corning, New York, USA). The ﬁltrate was concentrated to 5 ml in a ro-
tary evaporator at 40 °C, after which it was dried under a gentle ﬂow of
nitrogen. Finally, the resulting organic fraction residue was dissolved in
DMSO, and a solution of 0.3 mg/ml was prepared in saline, with DMSO
at 1%.
Chromatographic analysis of TSP organic fractions
High performance liquid chromatography was carried out with a
Varian ProStar system, with a model 230 controller pump, model 400
automatic injector, and model 360 ﬂuorescence detector (Varian, Palo
Alto, California, USA). The external standard plot method, involving
triplicate injections of standard solutions of polycyclic aromatic hydro-
carbons (PAHs), was used in order to construct the analytical curves for
each PAH. The detection limit (DL) and quantitation limit (QL) for each
PAH, calculated as recommended by the International Union of Pure
and Applied Chemistry (Currie, 1999), are shown in Table 1. All PAHs
generated linear analytical curves with an R2>0.99. Chromatography
was performed under the following conditions: on a polymeric column
(Supelcosil LC-PAH, 25 cm×4.6 mm, 5 μm; Supelco, Bellefonte, Penn-
sylvania, USA); with an acetonitrile:water gradient elution beginning
at 40% acetonitrile (for 5 min) and increasing to 100% acetonitrile
over 20 min, remaining for an additional 15 min in this last condition;
at a ﬂow rate of 1.5 ml/min; at an injection volume of 30 μl; with detec-
tion at λex 240 nm (for all PAHs, except [1,2,3-cd]pyrene: λex 300 nm)
and λem 398 nm (for all PAHs, except [1,2,3-cd]pyrene: λem 498 nm).
The presence of PAHs in the fraction was conﬁrmed by gas
chromatography.
Plant material
Leaves of C. sylvestris Swartz (Salicaceae) were collected, identiﬁed,
and characterized phytochemically as described by Oliveira et al.(2009). Casearin X (Fig. 1) was isolated from the extract as described
by Santos et al. (2010). The purity of casearin X was determined using
5.0 mg of casearin X dissolved in 5.0 ml of methanol and ﬁltered
through PVDF membranes (0.45 μm) prior to HPLC analysis. An aliquot
of 20 μl was injected onto Hypersil Gold® C18 column (250×4.6 mm,
5 μm), which was eluted isocratically with a mixture of methanol and
water 75:25 (v/v) for 60 min. The solventﬂow ratewas 1.0 ml/min. De-
tectionwas at 200–700 nm. The chromatographic purity of the casearin
X was determined at 235 nm as 97.0%. The chromatographic purity of
the casearin X was 97.0% (HPLC-UV detected at 235 nm).
Tradescantia micronucleus test
The Tradescantiamicronucleus test is a simple and reliable assay and
it was used to prescreen the ethanolic extract of C. sylvestris for a possi-
ble antimutagenic effect before the chemopreventive effect was
assessed in mice. We performed the test as proposed by Ma (1981)
with some modiﬁcations. Cuttings of ﬂowering creeper Tradescantia
pallida were immersed in Hoagland's solution for 24 h (Epstein,
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three concentrations (0.13, 0.25, or 0.50 mg/ml), then treated with
0.3 mg/ml of TSP fraction. As a positive control, additional cuttings
were ﬁrst treated with Hoagland's solution and then with TSP solution
(4 h). As a negative control, other cuttings were treated for 8 h with
Hoagland's solution alone and, as a vehicle control, with Hoagland's so-
lution (4 h), as well as with Tween 20 (20%, 4 h). After each treatment,
the cuttings were allowed to recover for 24 h in Hoagland's solution;
the young inﬂorescences were collected and ﬁxed in a solution of acetic
acid/ethanol (1:3). At least 10 cuttings were scored, and only prepara-
tions showing early tetrads were counted. The number of micronuclei
in 300 tetrads per slide was counted at a magniﬁcation of ×400, and
the results are expressed as the percentage of micronuclei.
Mouse assays
Animals. Six-week-old Balb/c male mice were maintained in a
temperature- and humidity-controlled environment (22±2 °C; 55±
10% humidity), on a 12/12 h light/dark cycle. Before the experiments,
the animals were acclimatized for 1 week, during which time they had
free access to a commercial diet (Purina®) and water. The study was ap-
proved by the Animal Research Ethics Committee of the São Paulo State
University, College of Pharmaceutical Sciences (res. CEP/FCF/CAr no. 01/
2006)
Experimental design. Mice were randomly assigned to 9 groups of
8 animals each. Group 1 (negative control) mice received only drinking
water (0.6 ml/day by gavage) for 2 weeks before treatment with 0.9%
saline solution by i.p. injection. Group 2 (positive control) mice also re-
ceived only drinking water for 2 weeks but were treated on day 15
with i.p. injections of TSP at 3.75 mg/kg body weight (BW). Group 3
mice received 0.6 ml Tween 20 (20%) or Tween 80 (6%) by gavage,
for 2 weeks, and were treated on day 15 with TSP (3.75 mg/kg BW,
i.p. The mice in groups 4–9 were treated by gavage (0.6 ml/day) with
solutions of ethanolic extract of C. sylvestris (3.9, 7.5, and 15.0 mg/kg
BW; groups 4, 5, and 6, respectively) and casearin X (0.3, 0.6, and
1.2 mg/kg BW; groups 7, 8, and 9, respectively) for 2 weeks, all receiv-
ing i.p. injections of TSP (3.75 mg/kg BW) on day 15.
Micronucleus test. Mouse bone marrow was collected 24 h after
TSP injection. The micronucleus test was carried out as described by
Schmid (1975). All slides were stained with May–Grunwald Giemsa
and coded to avoid observer bias. For each experimental result,Table 2
Concentrations of polycyclic aromatic hydrocarbons in total suspended particulate collecte
PAH Sugarcane season
Non-burning Burning
(ng/m3)⁎ (ng/m3)⁎
Anthracene ND 4.11
Benz[e]acephenanthrylene 0.079 0.74
Benzo[a]anthracene ND 0.52
Benzo[a]pyrene NQ 3.24
Benzo[e]pyrene ND 0.72
Benzo[g,h,i]perylene ND 0.27
Benzo[k]ﬂuoranthene 0.28 3.30
Chrysene ND NQ
Dibenz[a,h]anthracene ND NQ
Fluoranthene ND 1.29
Indeno[1,2,3-cd]pyrene ND ND
Phenanthrene ND 0.53
Pyrene 0.10 1.34
PAH, polycyclic aromatic hydrocarbons; ND, not detected (under the detection limit); NQ,
⁎ Total suspended particulate obtained on 5 separate days.
⁎⁎ WHO, 1998: +, positive; −, negative; ?, questionable; parentheses, result derived from
⁎⁎⁎ IARC, 2009: 1, carcinogenic to humans; 2A, probably carcinogenic to humans; 2B, poss1000 polychromatic erythrocytes (PCEs, immature erythrocytes)
were scored in order to determine the percentage of micronucleated
PCEs. To assess cytotoxicity, the ratio of PCEs to normochromatic
erythrocytes (NCEs, mature erythrocytes) was determined in 200
cells.
Comet assay. For the comet assay of mouse blood cells, the experi-
mental design was the same as was that for the micronucleus test in
mouse bone marrow. Peripheral blood was collected in heparinized cap-
illary vials and kept on ice until use. In brief, 20 μl of blood was homog-
enized with low-melting-point agarose, spread on a microscope slide
pre-coatedwith normal-melting-point agarose, and coverslipped. The al-
kaline version of the comet assay (single cell gel electrophoresis) was
performed as described by Singh et al. (1988). Duplicate slides were pre-
pared and stained with ethidium bromide. We screened 50 cells per
sample with a ﬂuorescent microscope (Carl Zeiss GmbH, Oberkochen,
Germany) equipped with a 515–560 nm excitation ﬁlter, a 590 nm bar-
rier ﬁlter, and a 40× objective. The level of DNA damage was assessed
with an image analysis system (TriTek CometScore, version 1.5; TriTek
Corp., Sumerduck, Virginia, USA), and the tail moment was calculated.
Statistical analysis
The statistical analysis was performed with the SigmaStat program,
version 3.5 (Systat, Richmond, California, USA). The Kolmogorov–
Smirnov test was used in order to determine the normal distribution
of data in all assays. Because the data distribution was not normal, we
used the non-parametric Mann–Whitney test and compared the test
groups with the positive control (TSP). The Kruskal–Wallis test was
used in order to assess the cytotoxicity in mouse bone marrow cells.
Results and discussion
Compounds in organic fractions
Particulate PAH concentrations are summarized in Table 2. Therewas
a clear difference between the burning season and the non-burning sea-
son in terms of the PAH content of the TSP. In the burning season, we
detected speciﬁc PAHs derived from sugarcane burning. According to
Simoneit (2002), the PAHs phenanthrene, ﬂuoranthene, and pyrene, as
well as, to a lesser extent, anthracene and benzo[a]anthracene, are emit-
ted mainly during the burning of Gramineae species. In our study, there
were high concentrations of the PAHs benz[e]acephenanthrylene, benzd in 2003 in Araraquara, Brazil and their genotoxic and carcinogenic effects.
WHO⁎⁎ IARC⁎⁎⁎
Genotoxicity Carcinogenicity
− − 3
+ + 2B
+ + 2B
+ + 1
+ ? 3
+ − 3
+ + 2B
+ + 2B
+ + 2A
+ + 3
+ + 2B
NE NE 3
(?) − 3
not quantitated (under the quantitation limit); NE, not evaluated.
a small database.
ibly carcinogenic to humans; 3, not carcinogenic to humans.
Table 3
Preliminary antimutagenicity assay in meiotic pollen cells of Tradescantia pallida previ-
ously treated with ethanolic extract of Casearia sylvestris then treated with total
suspended particulate obtained during the sugarcane burning season in 2003 in
Araraquara, Brazil.
Treatments (mg/ml) Micronuclei
mean±SE
Negative control 1.08±0.37⁎⁎
Organic TSP — 0.3 17.49±2.53
CSE — 0.13a 7.50±3.38⁎⁎
CSE — 0.25a 6.92±2.99⁎⁎
CSE — 0.50a 11.50±5.81⁎⁎
SE, standard error; TSP, total suspended particulate, CSE, C. sylvestris ethanolic extract.
⁎⁎ pb0.01 vs. organic TSP (Mann–Whitney test with Dunn post-test).
a plus organic TSP (0.3 mg/ml).
Table 5
Antimutagenicity/antigenotoxicity of casearin X against DNA damage caused by total
suspended particulate obtained during the sugarcane burning season in 2003 in
Araraquara, Brazil.
Treatment (mg/kg BW) TM
mean±SE
PCE/NCE
mean±SE
Micronuclei
mean±SE
Negative control 0.10±0.03⁎⁎ 1.00±0.01 0.37±0.12⁎⁎
Tweena 1.59±0.38 1.02±0.01 2.73±0.36
Organic TSP — 3.75 1.44±0.23 1.01±0.04 2.23±0.37
CSX — 0.30a 0.11±0.02⁎⁎ 1.02±0.02 1.60±0.16
CSX — 0.60a 0.16±0.05⁎⁎ 1.00±0.02 2.23±0.16
CSX — 1.20a 0.25±0.11⁎⁎⁎ 0.99±0.01 2.20±0.13
SE, standard error; TM, tail moment (comet assay); PCE, polychromatic erythrocyte;
NCE, normochromatic erythrocyte; TSP, total suspended particulate, CSX, C. sylvestris
casearin X.
a plus organic TSP (3.75 mg/kg BW).
⁎⁎ pb0.01 vs. organic TSP (Mann–Whitney test with Dunn post-test).
⁎⁎⁎ pb0.001 vs. organic TSP (Mann–Whitney test with Dunn post-test).
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indeno[1,2,3-cd]pyrene, all of which are considered genotoxic and carci-
nogenic (WHO, 1998; IARC, 2009), during the sugarcane burning season.
There was also a high concentration of benzo[a]pyrene—3.24 ng/m3.
Tradescantia micronucleus test
In the Tradescantia micronucleus test, an antimutagenic effect was
observed with ethanolic extract of C. sylvestris at 0.13 0.25, and
0.50 mg/ml, all of which proved to protect against DNA damage in-
duced by organic TSP collected during the sugarcane burning season
(Table 3). It is known that plants such as T. pallida are good bioindicators
of genotoxic agents, demonstrating whether a mutagen is potentially
hazardous to human health (Ma, 1981; Carvalho-Oliveira et al., 2005;
Leal et al., 2007). In fact, the Tradescantia micronucleus test was very
useful here, as a screening test of the antimutagenic activity of the
ethanolic extract, before we proceeded to the mouse assays.
Chemoprotection of DNA in mouse blood cells by ethanolic extract of
C. sylvestris and casearin X
Table 4 shows that C. sylvestris ethanolic extract was able to re-
duce the DNA damage caused by TSP collected during the sugarcane
burning season, in the micronucleus test and in the comet assay,
whereas casearin X reduced only the DNA damage assessed by the
comet assay (Table 5). Neither compound was cytotoxic to mouse
bone marrow cells, as evidenced by the fact that the PCE/NCE ratio
of the compounds was not statistically different from that of the neg-
ative control (Tables 4 and 5). The same proﬁle was observed when
we assessed the antimutagenicity of C. sylvestris ethanolic extractTable 4
Antimutagenicity/antigenotoxicity of C. sylvestris ethanolic extract against DNA dam-
age caused by total suspended particulate obtained during the sugarcane burning sea-
son in 2003 in Araraquara, Brazil.
Treatment (mg/kg BW) TM
mean±SE
PCE/NCE
mean±SE
Micronuclei
mean±SE
Negative control 0.12±0.07⁎⁎ 0.96±0.03 1.00±0.27⁎⁎
20% Tween 20a 2.85±0.36 0.95±0.12 5.53±0.73
Organic TSP — 3.75 1.57±0.36 0.99±0.05 2.56±0.40
CSE — 3.90a 0.05±0.01⁎⁎ 1.07±0.11 0.48±0.16⁎⁎
CSE — 7.50a 0.13±0.04⁎ 0.89±0.07 0.50±0.12⁎⁎
CSE — 15.00a 0.07±0.02⁎⁎ 0.99±0.05 1.00±0.37⁎⁎
SE, standard error; TM, tail moment (comet assay); PCE, polychromatic erythrocyte;
NCE, normochromatic; erythrocyte; TSP, total suspended particulate; BW, body
weight; CSE, C. sylvestris ethanolic extract.
a plus organic TSP (3.75 mg/kg BW).
⁎ pb0.05 vs. organic TSP (Mann–Whitney test with Dunn post-test).
⁎⁎ pb0.01 vs. organic TSP (Mann–Whitney test with Dunn post-test).and of caseargrewiin F against cyclophosphamide, as previously
reported by Oliveira et al. (2009). Considering that caseargrewiin F
and casearin X are clerodane diterpenes, these phytochemicals prob-
ably contribute to the DNA damage protection observed in ethanolic
extract.
Cyclophosphamide also forms adducts with DNA (Mirkes et al.,
1984), as do some PAHs in extractable TSP (Umbuzeiro et al.,
2008b), which suggests that one possible mechanism of action of
C. sylvestris ethanolic extract is the reduction of DNA adduct forma-
tion. One of the consequences of DNA adduct formation is the
clastogenic effect. When a sample such as C. sylvestris ethanolic ex-
tract is able to decrease the number of micronuclei, it acts against ir-
reparable DNA damage, which is manifested as chromosome
aberrations or aneugenic effects, including clastogenicity (Scolastici
et al., 2008). However, the comet assay detects primary DNA lesions
that are reparable (Scolastici et al., 2008). In the present study,
C. sylvestris ethanolic extract and casearin X both reduced the extent
of such damage. Given that casearin X, a clerodane diterpene, did
not reduce the percentage of micronuclei, another class of com-
pounds must be responsible for this effect of C. sylvestris ethanolic ex-
tract. The essential oil of C. sylvestris has also been shown to protect
DNA from clastogenic damage, having been found to contain mono-
terpenes and sesquiterpenes (Sousa et al., 2007). Oliveira et al.
(2009) identiﬁed sesquiterpenes and clerodane diterpenes in the
ethanolic extract of C. sylvestris. Of the 15 sesquiterpenes identiﬁed
in the ethanolic extract, 13 had previously been identiﬁed in the
essential oil (Esteves et al., 2005; Sousa et al., 2007). The protective
effect of C. sylvestris ethanolic extract against irreparable DNA
damage might be related also to its sesquiterpene content. In the
present study, we observed that C. sylvestris ethanolic extract and
casearin X have chemopreventive activity against DNA damage induced
by TSP emitted from sugarcane burning. Our results suggest that
C. sylvestris extract and diterpenes can act by different mechanisms to
protect DNA against damage, including repairable and non-repairable
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